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DYNAMIC TESTING AND CHARACRERIZATION
OF PRE-FRACTURED CERAMIC

Anna K. Zurek and Dennis A. Hunter
.08 Alamos National Laboratory
Los Alamos, New Mexico 87545

Nearly all of the mechanical behavior studies of armor ceramics, to date, have involved the characterization and testing of
vristine ceramic material. However, ballisuc impact causes a strong shock front to propagate rapidly through the ceramic
oefore much penctration can occur. A strong shock wave can result in localized compressive failure and fragmentation of the
ceramic befo. = ‘ts amplitude is atienuated below the compressive strength of the ceramic. The goals of this effort were 10 (1)
create shock-tia-tured cerumic using test assemblies which maintain the intergranular coupling and high density of tlie
ceramic, (2) characterize the extent and homogeneity of the fragmentation and dilatation of the ceramic, and (3) test the
compressive dynamic behavior of the shock-fractured ceramic under conditions of confining pressure. This effort will provide
data t support models of the peneiration resistance of fractured ceramics including degraded moxduli, failure strength-strain,

and post-failure characierization cf the erosive properties of comminuted ceramic and penetrator materials.

INTRODUCTION

Dynamic characterization of ceramics has been of
interest for the last ten years. Significant work has been
done at the Southwest Rescarch Institute, Honeywell Inc.
Defense System Division, Los Alamos Natior.al
Laboratory, and Sandia National Laboratory [1-6].

Ballistic impact causes a strong shack front to
propagate rapidly through a ceramic before much
penetration can occur. This shock wave can result in
localized compressive failure of the ceramic before its
amplitude is attenuated below the compressive strength of
the ceramic. More importantly, since the tensile strengths
of ceramics are very low relative to their compressive
sirengths, radisl waves released from the sides of the
ceratnic sectiem and axial tensile waves reflected from the
rear interfuces can easily result in extensive fragmentmion
of the cemmic. In addition, confinement can have a najor
cffect on the strength of a brittle material. In particular,
the compressive failure strength generally incieanes
significantly with conflning pressure, a dependence that
can be interpreted (o extablish emplrically the relevant
farlure criterion for a given material, The confining
pressure closes mainl microctacks, slowing the crack
conlescence proeess which ultimately causes a specimen
w fail, Confinement also strengthens failed material,
althongh to & turch lexser extent than an unfailed ceramic.
Hence, fractured but confined ceramics which have not
lost imergranular coupling are considered to e more
representative than unfatled ceramics of the materialy

which will ultimately interact with a peaetrator during a
ballistic impact.

The goals of this effort to characisrize confined,
shock-fractured cerumics are (1) to identi{y the confining
pressure dependent strength, pre-fractured ccramic
strength, and strain rate effects, (2) to develop a
computational constitutive nxdel which would include the
cffects of these parumcters, (3) to incorporate the
constitutive maodel into the EPIC code, and (4) to perform
computations to comparc the nuxlel with experimental
results.

To achieve these goals, we created shock-fractured
ceramic while maintaining the intergranular coupling and
high density of the ceramic. We charucterized the extent
and homogencity of the fraginentation and dilatation and
tested the compressive dynamic behavior of the shock-
fractured ceramlic under conditions of contining pressure
which was imposed by the constitint of a metal container.

Thin rescarch will provide critical propeny data and
phenomenolagical insight to support madels of the
penetration resistance of fractured ceramics including
degraded muxluli, failure strength strain, and post tailure
characterization of the erosive properties of comminuted
ceramic on penctrator imaterials. After testing the nwmber
of ceramicy, a property database will be developed to aid
optimization ot ballistic  performance through
microntnwctural iatloting of matenals.

The imilal tesults of the proposed t=search ate
mesented below.



RESULTS AND DISCUSSION
Ceramic Pre Fracnare in o Gas Gun Experiment

Titanium diboride (TiR2) samples were pre-fractured
and tested under dynamic compression conditions. Each
ceramic sample was contained in stawnless steel with a
plug 10 mimmize ioss in ceramic density. Shock waves
were produced by a planar impact with a thick flyer plate
i an 30 mm gas gun, These shock waves simulated a
ceramic target impact inducing ceramic pulvernization.
Shock pressure and duration can be controlled, and the
contained ceramic samples were shock loaded to 14GPa.
Samples recovered from the pre-fracture experiments were
charactenzed tor density and crack distribution

Figure | is a schematic of two pre-fracture test
assemblies.

ORIGINAL. DESIGN
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lag. 1 Schematic of the oniginal and improved pre
frachure test asseinblies,

Two difficuliies were encountered using the first
design. One was the interaction of radial release waves
from the comner of the flyer plate with planar release
waves irom the back surface of the flyer plate. The other
was radial distortion of the forward halt of the sieel
container. The release wave interaction caused a high
tension region which traversed a conical path into the
stainless steel container and veramic specimen. A
forwurd conical spall developed 1n the stainless sieel
container at high iinpact velocities (1200 m/s), causing
loss of ceramic containment. The container did non
rupture at lower impact velocities (640 my/s), but as Figure
2 shows, a non uniform ceramic fracture results from the
conical frontal spall.

Fig. 2 Nonunifonn fragmentation of the ceramic resulting
from comeal frontal spall.

The cermamic material inside the conical region
remained nearly undisturbed while the material cutside the
cone was pulverized. ‘The implication of thi- is that the
ceramic withstood the initial compressive wave and
fractured as a rerul: of tensile waves occurring luter in
time. A coue of material was isoluted from these waves by
the release wave interaction. In mder 1o obtain A
uniformly fractured maicrial, it was necessary o redesign
the stamless steel container such that no pan ol the
ceramic specimen was isoluted in this manner. As shown
m Figure 1, the diam~ter of the stainless steel containrr
was reduced and the introduction ol a stinless steel play
increase:d the distance of the ceranue specimen from the
impact interiace. These changes in the comainer placed
the entire ceramic specimen heyond the up et the comeal
region temed by the release wave interactuon  The new
design also placed the ceramie specimen bevond the



region of drastic radial distortion in the container. Figure
3 shows a modeled schematic of the flyer plate and test
assembly in which the lack of radial distortion around the
specimen is apparent. Control of the radial distortion in
this test is very imponant because 1t influences the density
of the fractured ceramic,
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Fig. 3 A modeled schematic of the tlyer plate and test
assembly showing strains 1n the ceramic sample and
stainless steel container.

As a result of the described planar impact, the
fractured ceramic density was reduced only about 4%.
Due largely to the very effective momentum wrapping
design of the fracture assembly, nearly theoretical density
of the tested ceramic was maintained. Figure 4 shows
polished front cross section of the ceramic fractured in the
madified containment assembly.

Fig. 4 A polished cruss section of the cerarue fincured 1n
nRAS pUn experimant nsing, the malified contanment
assembly.

We expect a range in particle size through the
sample due to wave ineractions along the length of the
sample. The size of the fracwred particles in the ceramic
ranged from 14) um at the front of the sample 10 100 ym
at the back, as measured by the line intersection method.

High Strain Rate Compression Test

Tungsten plattens were used as load amplifiers in a
Hopkinson Pressure Rar in the high strain rate
compression test. The pre-fractured samples of TiB2 were
soft recovered from the gup test. and the stanless steel
vontainers were machined down o the diameter of the
tungsten plattens. Figure § is a schematic of a sample
design tested using Hopkinson Pressure Bar.

STAINLESS STEEY (ONTAINER

(FRAMIC SPECIMEN /,

TUNGSTEN CARBIDE RAM /

HOPKINSON BAR, 350 MARAGING
OAR IAML.TI.R 17 7rem

Fig 5§ A schematic of sample design for high strain rate
compression tests tested using Hopkinson Pressure Rar.

In this test, the pre shocked cernmic and the confining,
stainless steel tube were subjected o the same dymme
conditions, For calibration purposes, testy were also
performed on solid Til2 in a stninless steel contamer. a
pre shocked empty stainless steel contamer, and a pre
shocked solid stainless steel cylinder. Both the empty
stainless sizel tube and solid stainless sieel cylinder were
fabricated from materinl recovered afrer the pun
experiment. Fipme 6 shows stiess steam behavior trom all
of the high strain 1ate tests.
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Fig. 6 High-strain-rate true stress versus true strain data
obtained in a Hopkinson Pressure bar.

Only the solid TiB2 confined in o stainless steel
cylinder behaved elastically up 1o the 4000 MPa true
stress, The pre shocked stainless steel cylinder and tube
show the usual elasto plastic behavior. Two plots of the
shocked ceramic represent data from the same test. For
the plot lubeled 'Pre-shocked TiB2 with TiB2 diameter',
the data were reduced with the Til32 sample diameter. Lor
the plot labeled 'Pre-shocked TiB2 with 88 tube diameter’,
the data were reduced with the outside diameter of the
stainless stecl container confining the pre shocked
cerarnic. 1t is apparent from these data that pre-shocked,
confined ceramic does not carry any load up 10 1% strain.
It is also apparent that the diameter used makes a
significant contribution to data reduction. In order to
facilitate reduction of the data obtained from the
Hopkinson Bar tests, the system as shown in Figures 3 is
being maxdeled using the EPIU-2 explicit finite element
cade. This is being done in oder to examine the relative
roles of the ceramic specimen and the sinless stecl

confining cylinder in this est and to determine an
effective diameter 1o be used for data reduction,

CONCTLUSIONS

Presented resulis ere preliminaty but novel. We have
designed a test in which the cerumne shock fracture
processes are controlled and separated from the high
strain rate compression by subjecting e confined ceramic

first to a shock wave in a gun experiment and then to a
high-rate compression in a Hopkinson Bar test. ‘The gun
test produced tractured ceramic which have not lost
intergranular couphing and maintdined nearly theoretical
density.  The pre-fractured ceramic showed no
compression strength in the dynamic test using Hopkinson
pressure bar.
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